We study single charged Higgs boson production in photon-photon collision as a probe of the new dynamics of Higgs interactions. This is particularly important when the mass (M H ± ) of charged Higgs bosons (H ± ) is relatively heavy and above the kinematic limit of the pair production
I. INTRODUCTION
The Standard Model (SM) of particle physics demands a single neutral physical Higgs scalar (h 0 ) [1] to generate masses for all observed weak gauge bosons, quarks and leptons, while leaving the mass of Higgs boson and all its Yukawa couplings unpredicted. A charged
Higgs boson (H ± ) is an unambiguous signature of the new physics beyond the SM. Most extensions of the SM require an extended electroweak symmetry breaking (EWSB) sector with charged Higgs scalars as part of its physical spectrum at the weak scale. The electroweak gauge interactions of H ± are universally determined by its electric charge and weak-isospin, while the Yukawa couplings of H ± are model-dependent and can initiate new production mechanisms for H ± at high energy colliders. Most of the underlying theories that describe the EWSB mechanism can be categorized as either a "supersymmetric" (with fundamental Higgs scalars) [2] or a "dynamical" (with composite Higgs scalars) [3] model. The minimal supersymmetric SM (MSSM) [4] and the dynamical Top-color model [5] are two typical examples. As we will show, the Yukawa couplings associated with the third family quarks and leptons can be large and distinguishable in these models, so that measuring the single charged scalar production rate in the polarized photon collisions can discriminate these models of flavor symmetry breaking.
If a charged Higgs boson could be sufficiently light, with mass (M H ± ) below ∼ 170 GeV, it may be produced from the top quark decay, t → H + b [6] , at the hadron colliders, including the Fermilab Tevatron and the CERN Large Hadron Collider (LHC). For M H ± > m t − m b , H ± can be searched at the Tevatron and the LHC from the production processes gb → H ± t [7] , cs, cb → H ± [8, 9, 10, 11] , and gg,→ H ± W ∓ [12, 13] , etc. The associated production of H ± t from gb fusion is difficult to detect at the Tevatron because of its small rate (largely suppressed by the final state phase space), but it should be observable at the LHC for M H ± 1 TeV. The single H ± production from cs or cb fusions is kinematically advantageous so that it can yield a sizable signal rate, and can be detected at colliders as long as the relevant Yukawa couplings are not too small [8, 10] . The gg → H ± W ∓ process originates from loop corrections, and is generally small for producing a heavy H ± unless its rate is enhanced by s-channel resonants, such as gg → H 0 (or A 0 ) → H ± W ∓ . Similarly, the rate of→ H ± W ∓ is small in a general two-Higgs-doublet model (2HDM). This is because for light quarks in the initial state, this process can only occur at loop level, and for heavy quarks in the initial state, this process can take place at tree level via Yukawa couplings but is suppressed by small parton luminositites of heavy quarks inside the proton (or anti-proton). If H ± is in a triplet representation, the Z-H ± -W ∓ vertex can arise from a custodial breaking term in the tree level Lagrangian, but its strength has to be small due to the strong experimental constraint on the ρ-parameter. Hence, the production rate of→ Z → H ± W ∓ cannot be large either. At hadron colliders, the charged Higgs bosons can also be produced in pairs via the s-channelfusion process through the gauge interactions of γ-H + -H − and Z-H + -H − [14] . However, the rate of the pair production generally is much smaller than that predicted by the single charged Higgs boson production mechanisms when the mass of the charged Higgs boson increases.
If M H ± is smaller than half of the center-of-mass energy ( √ s) of a Linear Collider (LC), then H ± may be copiously produced in pairs via the scattering processes e − e + → H − H + and
. The production rate of a H − H + pair is determined by the electroweak gauge interactions of H ± , which depends only on the electric charge and weak-isospin of In this work, we systematically study single charged Higgs boson production associated with a fermion pair (f ′ f ) at photon colliders, i.e., γγ →f ′ f H ± , (f ′ f = bc, or, τ ν), based on our recent proposal in Ref. [18] . Two general classes of models will be discussed to predict the signal event rates -one is the weakly interacting models represented by the MSSM [4] and another is the dynamical symmetry breaking models represented by the Top-color (TopC) model [5] . We show that the yield of a heavy charged Higgs boson at a γγ collider is typically one to two orders of magnitude larger than that at an e − e + collider. Furthermore, we demonstrate that a polarized photon collider can either enhance or suppress the single charged Higgs boson production, depending on the chirality structure of the corresponding Yukawa couplings. In the current analysis, we shall consider the center-of-mass energy of a γγ collider to be about 80% of an e − e + collider.
It is well known that the main motivation for building a high-energy polarized photon collider is to determine the CP property of the neutral Higgs bosons [19, 20, 21] . In this work, we provide another motivation for having a polarized photon collider -to determine the chirality structure of the fermion Yukawa couplings with the charged Higgs boson via single charged Higgs boson production so as to discriminate the dynamics of flavor symmetry breaking.
II. YUKAWA INTERACTIONS IN MSSM AND TOP-COLOR MODEL
For generality, we may define the charged Higgs Yukawa interaction as
where f and f ′ represent up-type and down-type fermions, respectively, and P L,R are the chirality projection operators
We first consider the Yukawa sector of the MSSM, which is similar to that of a Type-II 2HDM. The corresponding tree-level Yukawa couplings of fermions with H ± are given by
where 
The tree levelb-c-H − coupling contains a CKM suppression factor V cb ≃ 0.04, so that Y 
which generates a non-trivial 4 × 4 squark mass-matrix among (c L ,c R ,t L ,t R ). In A u , the parameters (x, y) can be naturally of order 1, representing larget −c mixings that are consistent with all the known theoretical and experimental constraints [22, 23] . An exact diagonalization of this 4 × 4 mass-matrix results in the following mass eigenvalues:
with
Here, m 0 is a common scalar mass in the diagonal blocks of the squark mass-matrix, ω ± = X 
for a moderate to large tan β. As discussed above, the SUSY radiative corrections are not suppressed by the small CKM matrix element V cb . In addition to these, there are also corrections proportional to V cb , similar to those present in the production of φ 0 bb (φ 0 = h 0 , H 0 , A 0 ) with large tan β [24, 25] . This effect can be formulated by the corresponding effective Lagrangian [26] ,
where µ R is the relevant renormalization scale at which we evaluate the bottom quark Type-A model the trilinear term A needs not to be much smaller than µ tan β, we will not make the approximation A b − µ tan β ≈ −µ tan β [25] in the ∆ b formula.) The SUSY-QCD correction is given by the finite contributions of sbottom-gluino loop due to the left-right mixings in the squark-mass matrix [26] ,
where (m 
as the sample couplings for the MSSM with naturalt −c mixings, which correspond to the Type-A SUSY models with x = O(1) and y = 0 as defined in Ref. [10] . (The total decay width of H ± will be evaluated for tan β = 50.) It is worth to mention that the sample flavor-changing b-c-H ± coupling (11) is about a factor-6 smaller than the sample τ -ν-H ± tree-level coupling (3).
We then consider the dynamical Top-color (TopC) model [5] , which is strongly motivated by the experimental fact that the observed large top quark mass (
is right at the weak scale, distinguishing the top quark from all other SM fermions. This scenario explains the top quark mass from the t t condensation via the strong SU(3) tc TopC interaction at the TeV scale. The associated strong tilting U(1) force is attractive in the t t channel and repulsive in the b b channel, so that the bottom quark mainly acquires its mass from the TopC instanton contribution [5] . This model predicts three relatively light physical top-pions (π 0 t , π ± ). The Yukawa interactions of these top-pions with the third family quarks are given by the Lagrangian,
where tan β = (v/v t ) 2 − 1 and the top-pion decay constant v t ≃ O(60 − 100) GeV. The rotation matrices K U L,R and K DL,R are needed for diagonalizing the up-and down-quark
As shown in Ref. [8] , to yield a realistic form of the CKM matrix V (such as the Wolfenstein-parametrization), the TopC model generally has the following features:
which suggests that the t R -c R transition can be naturally around 10 − 30%. Combining
Eqs. (12) and (13), we can deduce the Yukawa couplings of fermions with the charged toppion (also called charged Higgs boson throughout this paper) as
Thus, taking a typical value of tan β to be 3 and a conservative input for the t R − c R mixing K tc U R to be 0.1 in the TopC model, we obtain
which will be used as the sample TopC parameters for our numerical analysis. We note 
III. H ± PRODUCTION IN γγ COLLISION AS A PROBE OF NEW PHYSICS
We calculate the cross section of γγ →f ′ f H + using the helicity amplitude method for f ′ f = bc or τν. For the bc channel, we will consider both the MSSM (with stop-scharm mixings) and the TopC model using the sample parameters listed in Eqs. (11) and (15) In our numerical analyses, the dominant QCD corrections are included in the Yukawa couplings by using the running quark masses. For instance, at the 100 GeV scale, the running masses of the bottom and charm quarks are m b = 2.9 GeV and m c = 0.6 GeV, respectively.
A. bcH ± Production
Using the default parameters of the models as described in Section II, we calculate the total cross sections of γγ → bcH + and e + e − → bcH + as a function of M H ± . The result for the TopC model is shown in Fig. 6 , where, for comparison, we have taken the centerof-mass energy of the γγ collider to be 0.8 times of that of the e − e + collider. The result for the MSSM with stop-scharm mixings can be easily obtained from Fig. 6 by rescaling the y-axis (i.e. the cross sections) by a factor of (0.3/0.05
, where the pair production mechanism dominates, the actual rate also depends on the decay branching ratio Br(H − → bc) and the total decay width Γ H + in the MSSM. For completeness, we also show the result for the MSSM in Fig. 7 , which is qualitatively similar to Fig. 6 except near the boundary of the available phase space for pair production, i.e. when A few discussions on the feature of the results shown in Fig. 6 
On the other hand, in the MSSM with stop-scharm mixings and large tan β, The feature of the polarized photon cross sections for M H ± < √ s/2 can be understood from examining the production process γγ → H + H − . The helicity amplitudes for the H + H − pair production in polarized photon collisions can be computed as
where the degree of polarization of the initial state photons, λ 1 and λ 2 , can take the value of either −1 or +1, corresponding to a left-handedly (L) and right-handedly (R) polarized photon beam, respectively; Θ is the scattering angle of H + in the center-of-mass frame;
and ξ = 1 − 4M 2 H ± /s . In the massless limit, i.e., when M H ± → 0, the above result It is important to point out that the complete set of Feynman diagrams have to be included to calculate σ(γγ → bcH + ) even when M H ± < √ s/2 because of the requirement of gauge invariance. To study the effect of the additional Feynman diagrams, other than those contributing to the H + H − pair production from γγ → H + H − (→ bc), one can examine the single charged Higgs boson rate in this regime with the requirement that the invariant mass of bc, denoted as M bc , satisfies the following condition:
where δm m denotes the mass resolution of the detector for observing the final state b andc jets originated from the decay of H − . For instance, in Fig. 8 
− pair production diagrams cannot be the whole production mechanism, otherwise,
we would expect the rates of RR and LL be always equal due to the parity invariance of the QED theory. Again, a similar feature also holds for the MSSM after interchanging the labels of LL and RR.
Before closing this section, we remark that in the MSSM a heavy charged Higgs boson H + can also be produced associated with acs pair, whose production rate can be obtained by rescaling the cross sections in Fig. 7 by the factor 
B. τ νH ± Production
In the MSSM with a large tan β value, the cross section of γγ → τ −ν H + can be quite sizable. For the sample parameters chosen in Eq. (3), its cross sections are shown in Fig. 12 for various linear colliders with unpolarized collider beams. (Our results are consistent with the calculation in Refs. [28, 29] .) Recall that we have chosen the sample parameters of the models so that the Yukawa coupling of τ -ν-H + in the MSSM and that of b-c-H + in the TopC model have the same magnitude but opposite chiralities, as shown in Eqs. (3) and (15) . The gross feature of this figure is similar to Fig. 8 We also computed the production cross section σ(γ λ 1 γ λ 2 → τ νH + ) in the polarized 
and the result is shown in Figs. 13 
IV. CONCLUSIONS
In this work, we have studied the single charged scalar production at polarized photon colliders via the fusion processes γγ → bcH + and γγ → τ νH + . For the bcH + production, we consider the flavor mixing couplings of b-c-H ± generated from the natural stop-scharm mixings in the MSSM, and from the generic mixings of the right-handed top and charm quarks in the dynamical Top-color model. For the τνH + production, we consider the MSSM with a moderate to large tan β. We find that the production rate of H + in the γγ collisions is much larger than that in the e − e + collision. Y R , separately, at photon-photon colliders by properly choosing the polarization states of the incoming photon beams. This unique feature of the photon colliders can be used to discriminate new dynamics of the flavor symmetry breaking.
Given our results of the cross sections, it is trivial to deduce the signal event rates as long as the integrated luminosity of the collider is known. According to the reports of the LC Working Groups in Refs. [30] and [31] , the integrated luminosity can reach about 500 fb −1 at a 500 GeV LC, and 1000 fb −1 at an 1 TeV LC. Hence, we conclude that a polarized photonphoton collider is not only useful for determining the CP property of a neutral Higgs boson, but also important for detecting a heavy charged Higgs boson and determining the chirality structure of the corresponding fermion Yukawa interactions with the charged Higgs boson.
